Indoor levels of flame retardants were significantly higher than outdoors. 32 • PBDEs>NFRs and BDE-47, 99, HBB, BTBPE and DDC-CO were the most abundant 33 analytes. 34 • Significant log-linear Kdust-air-KOA relationships indicated an equilibrium state.
weeks before sampling and until the end of the sampling event (45 days). 15 indoor samples 153 (other than what was analyzed in the current study) were excluded from further consideration 154 because volunteers failed to follow our pre-sampling guidelines (see Appendix A). 155 156 FD was collected from selected homes (n = 5) using the same vacuum cleaner equipped with 157 dust collection bag (Schreder and La Guardia, 2014) . Information about the sampled indoor 158 microenvironments is given in Table A1 . For the outdoor vaporphase samples, LDPE sheets were pre-cleaned, spiked with performance 165 reference compounds (PRCs) according to Booij et al. (2002) and deployed in duplicates in the 166 atmosphere for 2 months at the same sites as the outdoor dust (n = 42) in two inverted bowls as 167 a shelter for protection against sunlight and precipitation (see Appendix A for more details).
169
Indoor LDPE sheets were deployed in duplicates for 2 months at each of the sampled rooms (n = 170 2 -3) of the living area starting two weeks before the dust sampling campaign. Samplers were 171 hung in protected places away from direct exposure to the light and direct contact with 172 participants. The total number of deployed LDPE were 46 (23 x duplicates) at apartments, 24 at 173 the cars, and 38 at working places (total = 108 samples). For the extraction/analysis step, all the 174 LDPE sheets deployed at the different rooms within an apartment or working place were 175 combined and analyzed together (n = 12, 9 and 12 for apartments, working places and cars 176 respectively x duplicates). 178 Dust samples (indoor and outdoor) were sieved through a 3-inch, 100 mesh (150 µm) stainless 179 steel sieve (Dodson et al., 2012) , and ~ 0.5 g dry weight were sonicated with n-hexane/acetone 180 (1:1, v:v) after spiking with surrogate standards (10 µL of a 2.0 ng/µL solution of 13 C12 BDE-28, 181 47, 99, 153 and 183 in nonane), purified and fractionated (fraction1 containing target analytes 182 and fraction 2 containing organophosphate flame retardants, which is not discussed in the current 183 manuscript) over silica gel and concentrated to a final volume of ~ 25 µL after the addition of the 184 injection standards. LDPE samplers were spiked with surrogate standards and cold extracted 185 twice with methylene chloride and n-hexane for 24 h each with no further cleanup. Extracts were analyzed for 12 PBDE congeners 8, 15, 28, 30, 47, 49, 99, 100, 153, 154 188 and 183) and 9 NFRs [tetrabromo-p-xylene (TBX), pentabromobenzene (PBB), Field blanks (Table A2) , matrix spikes, and duplicate samples were included with each sample 198 batch. Field blanks were composed of anhydrous sodium sulphate (3 g) contained in either a 199 thimble, dust bag or a glass jar (based on the type of the sample). To prevent cross contamination 200 between the sampling locations, cleaning of the vacuum cleaner was performed before and after 201 ach sampling event (at each location) by using a detergent, warm water, methanol and air-drying. Matrix spikes were prepared by spiking ground sea sand (1 g) contained in a thimble, dust bag or 203 glass jar with 15 µL of a solution composed of all the target analytes at a concentration of 2.0 204 ng/µL in nonane, and performing the same analytical steps as the samples. All the LDPE were 205 deployed and analyzed in duplicates. For the dust samples, 30 % of the total number of samples 206 were analyzed in duplicates. Instrumental calibrations were checked by injection of the 207 continuing calibration solution. The GC/MSMS calibration was verified before, during, and after 208 each analytical sequence. Three calibration standards were continuously injected every 10 dust 209 samples and 15 LDPE samples and the calibration check was maintained within ±15% for all 210 analytes of interest. When an analyte was not detected, the noise was quantitated for the limit of 211 detection (LOD) calculations. LODs were determined in the different matrices as the upper limit 212 of the 95% confidence interval for the field blanks (Table A3 ). We used ½ the LOD for 213 concentrations that were below the detection limit. Recoveries of the surrogate standards 214 generally ranged from 74 -92% and 71 -96 % for the outdoor and indoor LDPE respectively, 63 215 -86 % for the outdoor dust, 64 -91 % for the indoor fine dust and 67 -96 % for the floor dust.
Extraction, cleanup and instrumental analysis

216
Matrix spikes recoveries (n = 5 for LDPEs and 6 for dust) ranged from 82 % (BDE 2) to 102 % 217 (BDE 154) for the LDPE and from 76 % (BDE-2) to 103 % (BDE-100) for the dust (Table A4) 218 with a relative standard deviation < 20%. Results of the replicate analysis of LDPE and the dust The ET was obtained from the answers of the participants in the questionnaire. The average 240 working hours were set as 8.0 and 6.0 hours/day for males and females respectively. For 241 housewives, no working hours were included. For all adults and children, ET in cars was set at 2 242 hours/day. The remainder was the time spent at home. For toddlers, all the time was spent at 243 home. DW was 70, 15 and 12 kg for adults, children and toddlers respectively (Means, 1989) .
244
Selected inhalation rates were 13.3 and 10.9 m 3 /day for adults and children (toddlers) 245 respectively (Means, 1989) . In the best-case scenario, ingestion rates were set at 0.02 and 0.05 246 d/day for adults and children, whereas they were set at 0.05, 0.1 and 0.2 g/d for adults, children 247 and toddlers respectively (Means, 1989) . For the dermal exposure pathway, SA used were 8,620 248 and 4,970 cm 2 for adults and children (Means, 1989) , AFd (Means, 1989) (Table 1 ). In 262 the EFD, concentrations ranged from 4.10 -710, 80 -540 and 3.0 -770 ng/g respectively 263 ( Table 2) . Concentrations of PBDEs (2.0 -78 ng/g) in floor dust (Table A5) Detected concentrations of NFRs in air and dust of the microenvironments were much lower than 316 concentrations previously recorded worldwide (Table A7 ). However, EFD median outdoor vapor and dust samples respectively (Table 3) , with no significant difference between 355 the residential and residential-industrial areas as was previously observed for PBDEs.
356
Concentrations of all the investigated NFRs were much lower than the indoor 357 microenvironments ( Table 2) , and were also lower than PBDE concentrations ( 
Indoor vs Outdoor Organohalogenated Flame Retardants
375
The lack of correlations between detected vapor concentrations and their subcooled vapor In the current study, several findings were observed when we compare indoor and outdoor dust.
384
First, different patterns of PBDE congeners ( Figure A7c) were observed in the elevated fine 385 versus floor dust samples (dominance of BDE-47 in FD compared to BDE-99 in the EFD), 386 whereas for the NFRs (Figure A7d ) similar patterns were observed in the EFD, FD and outdoor 387 dust samples. Second, greater similarities in concentrations and profiles ( Figure A7c (Table A1 ). For cars, the make, year, type of seats and the ventilation system were included. All 410 this information was obtained from the questionnaires given to the volunteers. For the indoor air 411 (Table A8 ) and EFD (Table A9 ) samples, significant correlation between the tri-through hepta- 
423
In the elevated fine dust samples (Table A9) which may be related to the limited usage of the octa-PBDE formulation in the imported goods 439 in Egypt.
440
The detected concentrations of NFRs in the current study are more affected by the within-site 441 variabilities and thus sources were not clearly identified for this class of flame-retardants. A 442 similar finding was observed in Norway (Cequier et al., 2014) .
444
As for cars, manufacturer was the key factor for the gaseous organohalogenated flame retardants 445 ( To investigate the relationship between the detected concentrations in the dust and air samples, places. In contrast, the pattern was not observed for PBDEs (Figure 5b, d, f) . Generally, 511 inhalation pathway was more important for the more volatile flame retardants (TBX, PBB, HBB,
512
PBT, PBEB, BDE-2, 8 and 15), whereas the ingestion pathway was the most important exposure 513 route for BTBPE, DBHCTD, s-DDC-CO, BDE-28, 47, 99, 100 and 153 ( Figure 5 ). Nevertheless, 514 calculated values for BDE-47, 99, 153 and HBB were at least three orders of magnitude lower 515 than their corresponding oral reference doses (RfD) ( Table A12) . 
